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Direct cleavage of a R-CN bond followed by reconnection of
both R and CN with two carbons in unsaturated carbon-carbon
bonds, namely the carbocyanation reaction,1 provides ready access
to highly functionalized nitriles from simple ones with perfect atom
economy and, thus, should be of great synthetic value. We report
herein a new carbocyanation of alkynes using allyl cyanides. The
present allylcyanation reaction allows simultaneous installation of
a linear C3 having a terminal double bond or carbonyl group and
CN to alkynes having various functional groups in highly regio-
and stereoselective manners.

To probe the viability of the allylcyanation reaction, we initially
surveyed a set of nickel catalysts for the reaction of allyl cyanide
(1a: 4.0 mmol)2 and 4-octyne (2a: 1.0 mmol) in CH3CN at 80
°C. Of the ligands we examined with Ni(cod)2 (10 mol %), P(4-
CF3-C6H4)3 was found to be optimal to give the expectedcis-
adduct, (Z)-2,3-dipropyl-2,5-hexadienenitrile (3aa), exclusively in
78% yield (entry 1 of Table 1).3 Under these conditions, both
3-pentenenitrile (1b) and 2-methyl-3-butenenitrile (1c) also reacted
with 2a to give the same crotylcyanation product3ba as a mixture
of stereoisomers (entries 2 and 3), suggesting aπ-allylnickel
intermediate (vide infra). No detectable amount of the adduct
derived from the addition at the congested carbon was observed.
The reactions of (E)-5,5-dimethyl-3-hexenenitrile (1d) and (E)-4-
phenyl-3-butenenitirile (1e) gave the corresponding linear adducts
3da and3eaas stereochemically pure forms (entries 4 and 5).

The addition ofR-siloxyallyl cyanide1f (1.5 mmol), which is
readily available from acrolein and Me3SiCN, across2a (1.0 mmol)
also proceeded at theγ-carbon exclusively to give aldehyde3fa
after acidic hydrolysis (Scheme 1).4 Formation of a silyl enol ether
as an initial product of the present catalytic reaction was proved
by usingR-tert-butyldimethylsilyloxyallyl cyanide (1g), affording
the corresponding silyl enol ether3ga in 87% yield as a mixture
of stereoisomers.

Other R-siloxyallyl cyanides having a substituent at theR- or
â-position underwent the addition reaction across2a, giving the
corresponding aldehydes or ketones in good yields (entries 1-4 of
Table 2), whereas the reactions ofγ-substituted ones such as (E)-
4-phenyl-2-(trimethylsilyloxy)-3-butenenitrile turned out to be
sluggish. Alkynes other than2a were also examined using1f.
2-Butyne (2b) reacted similarly albeit in a lower yield (entry 5);
whereas the reaction of 2-pentyne (2c) showed poor regioselectivity
(entry 6), 1-phenylpropyne (2d) gave an isomer having a larger
phenyl group at a cyanosubstituted carbon preferentially (entry 7).
Terminal alkynes also underwent the carbocyanation reaction in
highly regioselective manners (entries 8-13) even on a gram-scale
(entry 8).5 Functional groups such as chloro, ester, and phthalimide
were tolerated (entries 10-12).

On the basis of the observed experimental results, we consider
that the catalysis would be initiated by oxidative addition of a
C-CN bond to Ni(0)6-9 to give at first aπ-allylnickel intermediate.
The primary carbon of the allyl group would migrate to the less

hinderedsp-carbon of an alkyne10 to give an alkenyl-Ni(II)-CN
intermediate, which would afford acis-allylcyanation product and
regenerate Ni(0) upon reductive elimination (Scheme 2).

Synthetic versatility of the carbocyanation products is demon-
strated briefly in Scheme 3. The cyano group of3aawas reduced
to give the corresponding substituted acrolein5 or allyl alcohol6,
whereas the formyl group of3fa was transformed to afford alcohol
7 or 2,6-heptadienenitrile8, a formal homoallylcyanation product.11

Aldol-type condensation of3fa with formaldehyde gaveR-func-
tionalized acrolein9 in 83% yield.12

Table 1. Nickel-Catalyzed Carbocyanation of 4-Octyne (2a) Using
Allyl Cyanidesa

entry R1 R2 time (h) 3 (5E:5Z)b yield (%)c

1 H H (1a) 8 3aa(-) 78
2 Me H (1b) 17 3ba (83:17) 55
3 H Me (1c) 17 3ba (85:15) 69
4d t-Bu H (1d) 18 3da (>99:1) 49
5d Ph H (1e) 18 3ea(>99:1) 86

a All reactions were carried out using an allyl cyanide (4.0 mmol),2a
(1.0 mmol), Ni(cod)2 (0.10 mmol), P(4-CF3-C6H4)3 (0.20 mmol) in CH3CN
(2.0 mL) at 80°C. b Determined by1H NMR and/or GC analysis of a crude
and/or purified product.c Isolated yields based on2a. d The reaction was
carried out in CH3CN (1.0 mL).

Scheme 1. Carbocyanation of 2a Using R-Siloxylallyl Cyanidesa

a Reagents and Conditions: (a) Ni(cod)2 (10 mol %), P(4-CF3-C6H4)3

(20 mol %), CH3CN, 80 °C; (b) 1 M HCl aq, THF, 0°C to rt overnight.

Scheme 2. Plausible Mechanism of Allylcyanation of Alkynes
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In conclusion, we have demonstrated for the first time that
allylcyanation of alkynes proceeds successfully under nickel
catalysis. The reaction allows one-step synthesis of a diverse range
of alkenenitriles having functional groups regio- and stereoselec-
tively. Further efforts to expand the scope of the chemistry to other
nitriles and unsaturated compounds are ongoing subjects in our
laboratories.
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Table 2. Nickel-Catalyzed Carbocyanation of Alkynes Using
R-Siloxyallyl Cyanidesa

a Unless otherwise noted, all reactions were carried out using an allyl
cyanide (1.5 mmol), an alkyne (1.0 mmol), Ni(cod)2 (0.10 mmol), and P(4-
CF3-C6H4)3 (0.20 mmol) in CH3CN (1.0 mL) at 80°C, and crude products
were treated with 1 M HCl aq in THF at 0°C to rt. b Isolated yields of an
isomerically pure product based on an alkyne.c The reaction was carried
out in toluene at 120°C. d Ratios to a regioisomer (4, structure is shown in
Supporting Information) determined by1H NMR and/or GC analysis of a
crude and/or purified product.e The reaction was carried out using1f (15
mmol) and2e (30 mmol). f Isolated yields of an inseparable mixture of
two regioisomers based on1f. g 1f (1.0 mmol) and an alkyne (2.0 mmol)
were used.h Isolated yields of an isomerically pure product based on1f.

Scheme 3. Transformations of Allylcyanation Productsa

a Reagents and Conditions: (a) DIBAL-H, toluene,-78 °C, 1.5 h, then
SiO2; (b) LiAlH 4, THF, rt, 10 min; (c) NaBH4, MeOH, 0 °C, 1 h; (d)
CH2(ZnI)2, THF, rt, 0.5 h; (e) HCHO aq, (CH2)5NH, EtCO2H, i-PrOH, 45
°C, 24 h.
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